In seasonal environments animals organize their behaviour around annual cycles of resource availability. Wild black-capped chickadees are most likely to hoard food in autumn. At this time of year chickadees are also reported to have a larger hippocampus, a brain area important for spatial memory. This study examined how photoperiodic condition affects these seasonal changes. Captive chickadees were exposed to one of three treatments. Photorefractory birds were held on long days (19:5 h light:dark) and had small gonads. Photosensitive birds were held on short days (LD 9:15 h) and also had small gonads. Photostimulated birds were switched from short to long days and quickly entered breeding condition with large gonads. Photosensitive birds (on short days) stored more seeds than photorefractory birds (on long days). Photostimulated birds stored seeds at a high rate when on short days, but reduced storing when transferred to long days. These results indicate that long days inhibit storing regardless of gonadal condition. There were no differences between groups in hippocampal volume, indicating that photoperiod can produce changes in food-storing behaviour without affecting hippocampal size.
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Most organisms live in environments that show seasonal changes in resource availability and as a result organize their behaviour in response to these cyclic resource changes. For example, most animals time breeding such that young are produced during the times of year when resources important for offspring growth are most abundant (Lack 1968). As well, many animals migrate when resources are scarce or enter states of relative inactivity (such as hibernation or estivation). Another adaptation to resource scarcity is to cache food resources when they are abundant for use later when they become scarce. Anecdotal data suggest that black-capped chickadees scatterhoard food primarily during the autumn and winter and retrieve these resources when food is scarce (Odum 1942). The annual cycle in several species of titmice appears to involve a seasonal change in food storing and retrieval (Odum 1942; Haftorn 1956; Ludescher 1980; Pravosudov 1985) with food storing peaking in October (Nakamura & Wako 1988) . In this study we address the mechanisms by which black-capped chickadees time their annual change in food storing.
In black-capped chickadees seasonal changes have been reported in both food storing (Odum 1942; Shettleworth et al. 1995) and in the hippocampus (Barnea & Nottebohm 1994; Smulders et al. 1995 Smulders et al. , 2000b , a brain area important for spatial memory and cache retrieval (e.g. Sherry & Vacarino 1989; Hampton & Shettleworth 1996) . However, the environmental cues that drive these changes and the mechanisms by which such cues are transduced are relatively unexplored. Because it is so important for timing annual changes in reproductive physiology, and based on prior work (Shettleworth et al. 1995; Clayton & Cristol 1996) , the annual change in photoperiod is a good candidate as a cue that regulates changes in food storing. A large body of research on how photoperiod regulates seasonal changes in reproduction has provided a theoretical framework that may prove useful, and is briefly reviewed here.
Photoperiod and Seasonality in Birds
Most of our understanding of how birds use photoperiod to organize annual changes in behaviour stems from work on seasonal reproduction. The factors regulating seasonal changes in reproduction can be divided into ultimate and proximate factors (Bronson 1989) . Ultimate factors are those environmental variables that result in differential reproductive success, whereas proximate factors are the environmental cues that organisms actually
